liters/min/M2, arterial desaturation, and respiratory alkalosis. They demonstrated clinical evidence of heart failure, had major arrhythmias, and 25% died. Three patients with elevated PA on admission spontaneously returned this pressure to normal over the first 48 hours of monitoring. Each of these patients maintained normal hemodynamics and had a good prognosis. PA was always elevated prior to the usual clinical signs of left ventricular failure. We conclude that PA provides a reliable early objective measure of left ventricular failure and is, therefore, an excellent guide to therapy.
Additional Indexing Words:
Coronary artery disease Flow-directed D ESPITE improved management of arrhythmias following acute myocardial infarction in recent years,'-6 and the consequent improvement in mortality rates,7' 8 little advance has been made in the early recognition and treatment of pump failure.
The prime function of the coronary care unit has been the early detection and therapy of cardiac arrhythmias. But the major causes and invasive techniques, in addition to careful evaluation of clinical signs, may reveal early evidence of left ventricular dysfunction.'0 Heart failure is, however, often a late complication of infarction,9 and although its overt signs are usually clinically obvious, its early signs may be subtle and the timing of therapy difficult. Furthermore, the use of positive inotropic agents following myocardial infarction is controversial, and we lack a reliable and objective early sign on which to base such therapy."- '5 In an endeavor to establish some objective early signs of heart failure in the patient who has an acute infaret, and to develop a more rational approach to therapy, we measured the serial changes of pulmonary artery pressure in a group of patients who had acute myocarcial infarction, relating the change in pressure to other hemodynamic measurements, physical signs, and clinical progress.
Methods
We studied 28 patients admitted to the coronary care unit within 24 hours of acute myocardial infarction. Diagnosis was based on typical history of chest pain, classical electrocardiographic changes (Q wave, ST-segment and Twave changes), and elevation of serum enzymes (creatine phosphokinase, lactic dehydrogenase, and serum glutamic oxaloacetic transaminase). All patients had evidence of transmural infarction, and it was of interest that the elevation of serum enzymes was greater in the group of patients with elevated mean pulmonary artery pressure (PA Mean pulmonary artery pressure,mmHg Figure 3 Relationship 65-8 will be associated with a benign hospital course.
The remaining 13 patients comprised the second subgroup. These patients all had elevated PA on admission, and showed further elevation or maintained this elevation at 48 hours. Figure 7 demonstrates the changing PA in one of these patients.
Only one of these patients had a benign course, a man with severe obstructive lung disease. His PA remained high despite his benign hospital course and was clearly related to his pulmonary status (see fig. 8 ). This demonstrates the difficulty that may be encountered when interpreting an elevated PA in a patient with chronic obstructive respira- Relationship between pulmonary artery pressure and heart failure after myocardial infarction in one patient in group 2; 0 = chest roentgenogram obtained but no abnormality detected, no fourth heart sound heard, and no digoxin given; + = clearly audible fourth heart sound and evidence of pulmonary venous congestion on chest roentgenogram; 0.5 mg represents total digoxin given on day 3 All 12 patients at some time during their course had signs of pulmonary venous congestion on the chest roentgenogram, and all developed fourth heart sounds and basal crepitations. Figure 9 relates the presence of a fourth heart sound and of roentgenographic pulmonary venous congestion to PA.
The presence of a fourth heart sound (atrial Fourth heart sound l Venous congestion Figure 9 Relationship of fourth heart sound and roentgenographic pulmonary venous congestion to PA in 12 patients in group 2. Each dot represents an average of 4 measurements of PA during which each of these findings was present.
Of most critical interest is the fact that only one patient in this group had clinical evidence of left ventricular failure on admission. Even though this group's PA was elevated from the time of admission, three quarters of the patients did not exhibit clinical signs of heart failure until the third day of monitoring (see table 3 ). Thus elevated PA appeared to be the first objective sign of a deteriorating hemodynamic status, and, therefore, seems significant in predicting which patients will develop heart failure and supraventricular arrhythmias.
All in this group were digitalized during the monitoring period. Two patients were taking digoxin when admitted, the others were digitalized when definite clinical signs of left ventricular failure developed. All patients, except the three who died, responded to digitalis, and their PA returned to normal. below 22 mEq/liter, and that while acidosis was common in patients who had both left ventricular failure and shock, metabolic acidosis was compensated for in patients with heart failure by hyperventilation, a fall in pH being much less common than a fall in plasma bicarbonate. Unfortunately, plasma bicarbonate was not consistently assessed in our patients, but the falling PCo2 and rising pH seen in patients with heart failure and elevated PA undoubtedly were due to hyperventilation caused by progressive pulmonary venous congestion.
This report is based on a relatively small group of patients so care must be taken in drawing any general conclusions. Yet from this small group we begin to see some patterns of behavior in the PA that may be useful in treating the individual patient with an acute myocardial infarction. We believe that the PA gives an early indication of the patient's subsequent behavior, a normal PA on admission indicating a benign clinical course, possibly with only minor arrhythmia problems. If the PA is elevated on admission, but begins to revert toward normal within the first 24 hours of monitoring, and returns to normal within 48 hours, the subsequent course of the patient will also be benign. But those patients who have elevated PA on admission and subsequent progressive elevation, or who maintain an elevated pressure over the first 48 hours, will develop major complications.
The PA often provides the first warning of impending heart failure or serious arrhythmias, the usual early signs of heart failure (fourth heart sound or pulmonary venous congestion) occurring 6 to 24 hours after the PA becomes elevated. The PA appears to be a reliable index on which to base therapeutic maneuvers. Digoxin or diuretics or both would be indicated if the PA remains elevated 48 hours after admission, or if it showed a progressive tendency to rise prior to this, whether or not other signs of heart failure are present. Early use of such therapy may indeed prevent serious arrhythmias or progressive heart failure.
Should the skill and facilities necessary to place pulmonary-artery catheters at the bedside not be available, the best clinical evidence of elevated PA in acute infarct patients appears to be the presence of a fourth heart sound or definite signs of pulmonary venous congestion on the chest roentgenogram.
